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1 Background 
Many M2M devices rely on small batteries that are expected to last for long periods of time. In order to support these devices, every effort must be made to save energy. This means maximizing idle/sleep time and minimizing transmission overhead. Thankfully, many of the devices that require extremely low power consumption are found in M2M applications that enable extreme power saving measures such as very long idle periods, very low transmissions, low or no handovers, etc.  

This contribution evaluates just such a scenario where the M2M device is stationary and transmits very low amounts of time-controlled traffic to the BS. This is a scenario that can be found in many M2M energy applications. As the analysis will show, updates to the idle mode protocol allow these types of M2M devices to save a considerable amount of power over what is currently possible in 802.16e. This analysis is based on 802.16e as this version of the standard is expected to be one most commonly used for initial M2M deployments.  
2 Characteristics of M2M Smart Grid Devices

As mentioned in the introduction, this contribution is going to focus on measures for energy savings for the most restrictive of M2M devices – those with the smallest batteries and the longest “life time” requirements.  In many cases, these M2M devices have traffic and mobility characteristics that allow us to maximize their energy savings. The application we will look at in this contribution is that of M2M power/energy grids. In these scenarios, the M2M device is most often stationary (i.e. handover is not required) and traffic is primarily one-way (uplink), low rate, and time-controlled.

To maximize the power savings in this scenario these characteristics must be taken advantage of. First, given the infrequency of traffic, idle time must be maximized. Second, given the low amount of traffic, data should be piggy-backed on network re-entry from idle mode, if possible. Third, mobility management should be reduced if not eliminated.

Next we will look at the power savings from these measures in order to determine some requirements on power-savings available in 802.16p for these types of M2M applications compared to 802.16e.

3 Power Savings from Updates to 802.16e Idle Mode

In 802.16e, idle mode can be initiated by the MS (via DREG-REQ) or BS (via DREG-CMD). When negotiating idle mode with the BS, the MS can request that the BS or Paging Controller [PC] retain much of its service and operational information in order to shorten its re-entry protocol to the network when it has traffic to send/receive. This step is crucial to conserving energy. 

When the MS goes into idle mode, the MS and BS both start “Idle Mode Timers”, which can only be “reset” by having the MS do a location update. This is important because (1) if the timer expires, the BS/PC will release the MS’s retained service/operational information and (2) if the MS is stationary, the frequency of location updates can be very low, thus forcing the MS to perform location update simply to reset the timers is a waste of power and channel resources. Thus, these timers must be set appropriately large to maximize the MS’s idle time.
The MS can request a certain Paging Cycle by including this as a TLV in the DREG-REQ message (the MS can initiate idle mode with this message or respond to a BS-initiated idle mode with this message). The period of a Paging Cycle is one instance of the MS’s “paging unavailable” and “paging available” intervals. Unfortunately, in 802.16e the Paging Cycle TLV is only 16 bits long. This implies that the maximum Paging Cycle is just over 5 minutes – much smaller than the idle time expected from many M2M Energy devices.  
Let’s look at a rough analysis of power lost by limiting the length of the Paging Cycle. If we assume “best case”, i.e. the device need only come awake to receive BS pages but isn’t required to transmit and the Paging Interval is only 1 frame (the minimum), then the power lost by this device can be calculated as follows:
idle_pwr_savings*paging_interval/new_paging_cycle*(new_paging_cycle/old_paging_cycle  –  1)

where 

· idle_pwr_savings is the amount of power in mW saved by going into idle mode
· paging_interval is the total time a device spends out of idle mode due to the paging interval, i.e. this includes the paging interval as well as time required to exit and enter idle mode

· new_paging_cycle is the desired paging cycle for the given M2M application

· old_paging_cycle is the current maximum paging cycle, which is approximately 5 minutes

If we assume 750mW power savings in idle mode (idle_pwr_savings = 750mW), 10 ms to exit and enter idle mode and minimum paging cycle of 1 frame (paging_interval = .025 s), a desired paging cycle of 10 minutes (new_paging_cycle = 10*60), and a maximum old paging cycle of 5minutes (old_paging_cycle = 5*60), then the power lost is .03mW. This power grows as the desired paging cycle increases. 
4 Power Savings from Updates to 802.16e Network Entry

When the MS needs to re-enter the network from idle mode in order to either transmit or receive traffic, it will send an RNG-REQ message to the target BS. If the MS shares a valid security context with that BS, it will include the HMAC/CMAC tuple in the RNG-REQ. At that point, the MS and BS will follow the standard network entry process minus the exchange of information the BS already got from the PC regarding the MS’s service/operation. In order to shorten the network re-entry process, the BS will place an HO Process Optimization TLV in its RNG-RSP message to the MS indicating which re-entry message can be omitted. Thus, the process of shortening the re-entry process already exists in 802.16e.

However, the notion of piggybacking data on the existing network re-entry messages is not supported in 802.16e. Given that much of the data for M2M energy applications is small burst, the ability to piggyback data on existing messages is important in terms of power and channel resource savings.
5 Text Proposal 
Modify the functional requirements described in Section 6.3 as shown.
--------------------------  Begin Text Proposal   -------------------------------
6.1 Low Power Consumption
The 802.16p system shall support mechanisms for low power consumption in M2M devices. 

6.1.1 [The 802.16p system shall support power saving over long time intervals.]
6.1.2 The 802.16p system shall provide optimized operation for M2M devices with no/low mobility to conserve power.

6.1.3 The 802.16p system shall support a simplified mobility protocol for certain M2M devices.
6.1.4 The 802.16p system shall support optimized operation for time controlled, time tolerant and in-frequent traffic to conserve power.
6.1.4.1 The 802.16p system shall support efficient radio resource management for time-controlled and time-tolerant traffic.

6.1.5 The 802.16p system shall support longer paging cycles to allow prolonged idle periods for certain M2M applications.
6.2 Small Burst Transmissions

The 802.16p system shall support very small burst transmissions. 

6.1.1 The 802.16p system shall support efficient transmission of small burst sizes. The 802.16p system shall minimized protocol and signaling overhead to support small burst transmission
6.1.2 The 802.16p system shall support transmission of short data bursts without requiring full connection establishment on 802.16e based networks.

-----------------------------  End Text Proposal   ----------------------------------
system should support idle period of hours or days without requiring location updates” 

































































  


